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Abstract 
Background: Cassava (Manihot esculenta) is a staple crop that is important for food security in the tropics. However, 
cassava farming can have severe environmental impacts, such as habitat destruction and soil degradation, if it is not 
carefully managed. Therefore, a wide range of agricultural and environmental outcomes should be considered when 
cassava farming practices are recommended as “good agricultural practices”. We propose a systematic map of research 
on cassava farming practices and their impacts on yield, quality, profitability, soil, water, wildlife, pathogens, pests, 
weeds, and other agricultural and environmental outcomes. This map will improve our knowledge of the multifunc-
tionality of cassava farming practices, by answering several questions: Which studies have measured the impacts of 
cassava farming practices on agricultural and/or environmental outcomes? Which practices and outcomes have been 
studied, in which countries, and when?
Methods: We will search for studies of “cassava OR mandioca OR manihot OR manioc OR yuca” in four publication 
databases (AGRICOLA, AGRIS, Scopus, Web of Science), two repositories of grey literature (including publications from 
the International Center for Tropical Agriculture and the International Institute of Tropical Agriculture, which have 
worked extensively on cassava), and the Conservation Evidence database. We will screen the search results using eligi-
bility criteria that are transparently reported and consistently applied. We will not critically appraise the validity of the 
studies that are included in the map, because we see this map as a subject-wide evidence base that could be used 
for multiple methods of evidence synthesis, with different criteria for critical appraisal. We have developed a classifica-
tion of agricultural practices and a classification of agri-environmental outcomes, and we will use these classifications 
(“taxonomies” or “terminological ontologies”) when coding studies. We have developed a web application (http://
www.metad atase t.com) with drop-down menus for screening and coding. We will analyse the number of studies by 
practice, outcome, country, and year, and we will present the results as a searchable database with interactive geo-
graphical maps (an “evidence atlas”) that will show knowledge gaps and knowledge clusters.
Keywords: Agroecological practices, Agricultural management practices, Best management practices, Classification 
systems, Good agricultural practices, Multifunctionality, Recommended management practices, Subject-wide 
evidence synthesis, Sustainable agriculture, Sustainable intensification
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Background
Cassava (Manihot esculenta), also known as mandioca, 
manioc, and yuca, is a woody perennial plant in the 
spurge family (Euphorbiaceae) [1]. Cassava is native to 
South America [2], but it is grown throughout the trop-
ics and subtropics (Fig. 1). Cassava has been called “the 
drought, war, and famine crop” because it can be grown 
in challenging conditions (e.g., dry soils with low fertility) 
and it can be harvested when needed (i.e. not only at the 
end of the growing season), providing a reserve of food 
in times of war and famine [3]. It has also been suggested 
that cassava could be more resilient to climate change 
than other staple crops [4]. Average cassava yields (e.g., 
root yields of 11.6  t/ha worldwide, in the 5  years from 
2011 to 2015 [5]) are much lower than potential cassava 
yields, but better farming practices could help to close 
these yield gaps (e.g., root yields of 60 t/ha have been 
reported in parts of Africa) [6, 7].
Improvements in cassava yield, quality, and sustainabil-
ity could be important for food security in Africa, where 
the human population is expected to double by 2050 
[8]. These improvements could be especially important 
in Nigeria, where more cassava is produced than in any 
other country, but where cassava yields are low (Table 1), 
and where the human population is expected to increase 
faster than in any other country [8]. However, the 
a
b
Fig. 1 Cassava statistics by country (mean values in 2011–2015): a cassava production (Mt/year) and b cassava yield (t/ha), based on data from 
FAOSTAT [5]
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intensification and expansion of cassava production in 
Africa will need to be carefully managed to minimize its 
environmental impacts [9, 10]. For example, the Guinea 
Savannah has been seen as an unexploited opportunity 
for the expansion of commercial cassava production, in 
spite of the potential for environmental impacts [11]. If 
it is not carefully managed, cassava farming can cause 
habitat destruction and soil degradation, as forests and 
other natural habitats are cleared and replaced by cas-
sava farms, and soils are eroded and depleted of nutrients 
[9, 11]. These impacts are not necessarily worse than the 
impacts of other crops, but more sustainable methods of 
cassava farming could provide substantial environmental 
benefits, since cassava is a staple crop that is grown over 
a substantial proportion of tropical cropland.
The dual aims of increasing food production and 
reducing environmental impacts have led to calls for the 
“sustainable intensification” or “ecological intensification” 
of food production through the use of “good agricultural 
practices” [12, 13]. To support the use of good agricul-
tural practices through access to scientific knowledge, we 
propose a systematic map [14] of studies about cassava 
farming.
Agricultural extension manuals for cassava farmers 
are already available from international authorities on 
cassava farming, such as the International Center for 
Tropical Agriculture (CIAT), the International Institute 
of Tropical Agriculture (IITA), and the Food and Agri-
culture Organization (FAO) of the United Nations (e.g., 
[15–17]). The recommended management practices in 
these extension manuals are based on decades of scien-
tific studies and expert opinions. However, what is not 
available in these manuals, or elsewhere, is a systematic 
map of these scientific studies. Based on this system-
atic map, systematic reviews, meta-analyses, and other 
forms of evidence synthesis [18] could be used to sum-
marize the impacts of these recommended management 
practice on multiple outcomes (and not only agricultural 
outcomes, but also environmental outcomes). Thus, this 
map could be used as the foundation for a method known 
as “subject-wide evidence synthesis” [19] (simultaneous 
evidence synthesis for multiple interventions and multi-
ple outcomes across a wide subject area), and the recom-
mended management practices in agricultural extension 
manuals could be transparently and robustly based on 
this evidence. This subject-wide evidence synthesis could 
also be used to evaluate the multifunctionality of these 
recommended management practices (e.g., through mul-
tiple-criteria decision analysis [20], based on evidence of 
multiple outcomes).
Stakeholder engagement
This protocol has been developed in consultation with 
the Leventis Foundation, which has provided the funds 
for this map and which runs agricultural schools [21] in 
Nigeria and Ghana, the African Cassava Agronomy Ini-
tiative (ACAI) [22], and the Conservation Evidence group 
at the University of Cambridge [23], all of which could 
be considered stakeholders in this map. The authors of 
this protocol include leaders from each of these groups 
of stakeholders (HOU, PP, and WJS), and we expect this 
map to be useful to each of these groups, as well as other 
stakeholders in Africa and further afield. For example, 
this map could be used to prioritize primary research 
on knowledge gaps or secondary research on knowl-
edge clusters. The Conservation Evidence Synopsis on 
Farmland Conservation [24] was based on a systematic 
map that was published in Environmental Evidence [25], 
and the systematic map that we are proposing could be 
used to support a similar synopsis on sustainable cassava 
farming. A Conservation Evidence Synopsis is a form of 
subject-wide evidence synthesis in which narrative sum-
maries of scientific studies are written in a standardized 
form (typically one paragraph per study, with infor-
mation on study location, study design, methods, and 
results), but quantitative summaries (e.g., meta-analysis) 
could also be used for subject-wide evidence synthesis.
Objective of the systematic map
Primary objectives
The primary objectives of this systematic map will be to 
answer the following questions.
1. Which studies have measured the impacts of cassava 
farming practices (i.e. interventions/exposures) on 
cassava yield, quality, or profitability, soil, water, wild-
Table 1 The top ten cassava producers in  the  world, 
ranked by  mean cassava production in  2011–2015 (same 
data as Fig. 1)
Country Cassava production (Mt/
year)
Cassava 
yield (t/
ha)
Nigeria 52 9
Thailand 29 22
Indonesia 23 22
Brazil 23 14
Ghana 16 18
Democratic Republic of the 
Congo
15 8
Angola 11 12
Viet Nam 10 18
Cambodia 8 24
Mozambique 8 8
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life, pathogens, pests, or weeds (i.e. outcomes) in cas-
sava fields?
2. Which practices and outcomes have been studied?
3. Which countries have been studied, and when?
4. What is the distribution and abundance of studies 
between different practices, outcomes, countries, and 
years? In other words, where are the knowledge gaps 
or knowledge clusters in this map?
Secondary objectives
The secondary objectives of this systematic map will be 
to test the usability of (1) a classification of farming prac-
tices, and (2) a classification of agricultural and envi-
ronmental outcomes, both of which could be reused for 
systematic maps of other crops. These classifications are 
hierarchical representations of farming practices or agri-
environmental outcomes (i.e. they are “taxonomies” or 
“terminological ontologies” [26]).
Methods
These methods are based on the Collaboration for Envi-
ronmental Evidence (CEE) guidelines for systematic 
mapping [14], and a ROSES checklist (RepOrting stand-
ards for Systematic Evidence Synthesis) [27] has been 
completed (Additional file 1).
Searches
We will search for evidence using the following search 
string: “cassava OR mandioca OR manihot OR manioc 
OR yuca” (cassava and its common synonyms [1, 28]). 
We will use this search string for all of our searches (see 
below). We will not include search terms for cassava 
products (e.g., “gari” or “tapioca”). Systematic reviews 
are typically focused on narrow or “closed-framed” ques-
tions, such as “What are the effects of intervention X on 
subject Y?” [14]. Therefore, systematic reviews typically 
search for publications that contain at least one syno-
nym from each “concept” in the research question (e.g., 
each subject and each intervention) [29]. For example, if 
we were only interested in the effects of tillage in cassava 
fields, we could limit our search to “tillage AND (cassava 
OR mandioca OR manihot OR manioc OR yuca)”. How-
ever, our objective here is wider and more “open-framed” 
than that of a systematic review. We want to systemati-
cally map the impacts of multiple interventions on mul-
tiple outcomes.
By not using search terms for any specific interven-
tions, our search string could be expected to have low 
“specificity” (e.g., a low proportion of publications about 
farming interventions, as opposed to interventions for 
processing or using cassava as an industrial starch) and 
high “sensitivity” (e.g., a high number of all publications 
about cassava farming). However, we have tested the 
specificity of the search string, and we expect about 
8–10% of non-duplicated search results to be included in 
the map. This is a much higher percentage than the aver-
age systematic map in Environmental Evidence (with a 
mean of 423 full texts included from 22,636 non-dupli-
cated search results, or about 2% of unique results [30]), 
and thus we expect our search string to have relatively 
high specificity. This is not surprising, because we expect 
to include almost all field studies of cassava farming 
practices (see below). However, by using a search string 
that we expect to be highly sensitive, we cannot system-
atically collect a benchmark set of publications to test the 
sensitivity of the search string, without using the search 
string itself (e.g., without searching for “cassava” or its 
synonyms).
Publication database searches
We will search two generic databases (Scopus and the 
Web of Science Core Collection) and two subject-specific 
(agricultural) databases (AGRICOLA and AGRIS). The 
two generic databases mostly include peer-reviewed aca-
demic publications, but the two subject-specific data-
bases also include grey literature. We will also search a 
database of publications about conservation interven-
tions (Conservation Evidence).
Internet searches
We will search the first 500 results from one search 
engine (Google Scholar, sorted by “relevance”). This 
method has been shown to be useful for finding both aca-
demic and grey literature [31].
Specialist searches
We will search for additional publications (including 
grey literature) in two repositories: the first 500 results 
from the repository of the Consultative Group on Inter-
national Agricultural Research (CGIAR) Centers, in 
CGSpace: A Repository of Agricultural Research Outputs 
(sorted by “relevance”), and the first 500 results from the 
Document Repository of the FAO (sorted by “relevance”). 
CGSpace includes publications from multiple organiza-
tions, including CIAT, IITA, Bioversity International, 
and the CGIAR Research Program on Roots, Tubers and 
Bananas.
Screening
We will screen publications in two stages: (1) using titles 
and abstracts and (2) using full texts. At each stage, we 
will decide whether to include or exclude a publication in 
the map, based on the eligibility criteria (see below). We 
will record the number of publications included/excluded 
at each stage, and we will provide a list of the full texts 
Page 5 of 7Shackelford et al. Environ Evid            (2018) 7:30 
that were excluded, together with reasons for exclusion 
and a ROSES flow diagram [27]. We will only include 
publications that are written in English. We acknowledge 
that this is a limitation, but we do not have the resources 
needed to work in other languages, and the stakeholders 
that plan to use this map will use it in English-speaking 
countries (Nigeria, Ghana, Kenya, and the United King-
dom). However, we will provide a list of excluded publi-
cations that are not in English, should resources become 
available to include these publications in an updated map.
For consistency checking, 10% of titles/abstracts 
(selected at random) will be screened by two people. 
Based on our scoping searches, we expect about 20,000–
25,000 non-duplicated search results, and thus we expect 
about 2000–2500 titles/abstracts to be screened by two 
people. Disagreements between these two people will 
be discussed, and the eligibility criteria will be revised 
to show how these disagreements were resolved. Kappa 
scores will then be calculated to test the agreement 
between these two people [32]. If the Kappa scores are 
less than 0.6, then another 1% of titles/abstracts will be 
screened by two people. Disagreements will be discussed 
and resolved again, Kappa scores will be calculated 
again, and this process will be repeated until the Kappa 
scores are greater than 0.6. All other publications will be 
screened by one person.
Eligibility criteria
We use “PICO/PECO” terminology (“P” = populations/
subjects, “I” = interventions/“E” = exposures, “C” = com-
parators, “O” = outcomes) to define the eligibility cri-
teria [14]. We will include any study that measured the 
impacts of a cassava farming practice on an agricultural 
or environmental outcome (see below for definitions 
of “interventions/exposures” and “outcomes”). We will 
exclude studies in laboratories and other studies that 
are not in cassava fields, cassava plots, or cassava pots 
with reasonably realistic production conditions (e.g., 
not cassava pots in greenhouses/screenhouses stocked 
with pests and/or natural enemies). For example, we will 
exclude laboratory studies of genetic diversity, but we will 
include field studies in which genetically improved culti-
vars are compared to local varieties. We will also exclude 
studies of the post-harvest management of cassava (e.g., 
storing and processing cassava), but we will include stud-
ies of the post-harvest management of cassava fields (e.g., 
cover cropping or reduced tillage). We will provide a list 
of publications that were excluded at full-text stage with 
reasons for exclusion.
Populations/subjects
We will include studies of the effects of cassava farming 
practices on soil, water, wildlife, pathogens, pests, and 
weeds, measured in cassava fields/plots/pots, or in farm-
ing landscapes that include cassava (e.g., field margins 
or watercourses adjacent to cassava fields), anywhere in 
the world. We will also include studies of the effects of 
cassava farming practices on cassava itself (e.g., cassava 
yield, quality, and profitability). We will not include stud-
ies of the effects of cassava farming practices on livestock.
Interventions/exposures
All in-field/on-farm management practices will be 
included. We have developed a provisional classifica-
tion of farming practices (Additional file 2), based on the 
“agroecological practices” that were classified by Wezel 
et al. [33] and our recent review of farming practices [34]. 
We will include studies that measured the impacts of any 
of these practices on agricultural or environmental out-
comes (see below). If we find additional practices when 
we are screening publications, then we will add these 
practices to the classification and include these studies 
in the systematic map (but only for practices in cassava 
fields/plots/pots, and only for effects on the above popu-
lations/subjects and not effects on livestock). We want to 
develop a classification that is not specific only to cassava 
but is generalizable to other crops and thus is reusable 
(such that data and metadata can be coded using a con-
sistent classification). This systematic map will help us to 
test this classification.
Comparators
We will include controlled studies (e.g., plots with an 
intervention compared to plots without an intervention, 
or plots with a “conventional” intervention compared 
to plots with an “alternative” intervention, such as “con-
ventional tillage” compared to “reduced tillage”). We will 
also include correlated studies (e.g., comparisons of sites 
that are correlated with different interventions, such as 
planting cassava in different agroecological zones), and 
before-and-after studies. Thus, the comparator could be a 
control or a counterfactual (spatial or temporal), and we 
will not exclude studies unless there are no comparators 
at all.
Outcomes
We will include studies of all environmental/ecological 
and agricultural outcomes. We have developed a provi-
sional classification of outcomes (Additional file 3), based 
on our recent review of evidence for the impacts of farm-
ing practices [34]. If we find additional outcomes for 
these populations/subjects when we are screening publi-
cations, then we will add these outcomes to the classifi-
cation and include these studies in the systematic map. 
Note that we will not include outcomes for livestock, or 
for the adoption of cassava farming practices by farmers, 
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both of which we see as separate subjects that are beyond 
the scope of this map. Like our classification of farming 
practices, we also want to develop a classification of out-
comes that is reusable for other crops. There are “n.e.c.” 
classes that can be used if an outcome or intervention/
exposure is “not elsewhere classified” in either of these 
classifications, and we will either use these n.e.c. classes 
or else we will create additional classes if we find addi-
tional outcomes or intervention/exposures.
Study design
We will only include studies that measured the effects 
of an intervention/exposure on an outcome and also 
reported the numerical results of these measurements 
in a figure or a table (e.g., means of treatment plots and 
control plots). We will only include studies from primary 
literature, not secondary literature. Secondary literature 
will be defined as a publication in which another publica-
tion is cited as the source of these numerical results. We 
will provide a list of studies that are excluded as second-
ary literature. If possible, we will code an intervention/
exposure as “controlled” or “correlated” (see compara-
tors, above), “blocked”, “randomized”, and/or “replicated”. 
For example, a “randomized complete block” design (a 
common design in field trials) will be coded as “blocked”, 
“randomized”, “replicated”, and “controlled”.
Study validity assessment
Because this is a systematic map, not a systematic review, 
we will not critically appraise the validity of these stud-
ies [14]. We see this map as a subject-wide evidence base 
that could be used for multiple methods of evidence 
synthesis, with different criteria for critical appraisal in 
each case. For example, a systematic review that is based 
on this map might only include studies that statistically 
tested the effects of an intervention on an outcome, but 
the map will include studies that reported numerical 
results with or without statistical tests.
Data coding
We will code PICO/PECO components (Additional files 
2, 3), study location(s), and study year(s). This metadata 
will be entered into a database, using data-entry forms 
with PICO/PECO components and countries in drop-
down menus (to minimize errors). We have developed a 
web application for this purpose (http://www.metad atase 
t.com). The drop-down menus will require PICO/PECO 
components to be selected in stages, to simplify the num-
ber of options at each stage (e.g., only the first two levels 
of the hierarchical classification of farming practices will 
be shown in the first menu). To check the consistency of 
data coding, the metadata from 50 publications (at the 
full-text stage, selected at random) will be coded by two 
people. Kappa scores will be calculated to test the agree-
ment between these two people (i.e. agreement about 
which practices and outcomes were studied). Disagree-
ments will be discussed, and the eligibility criteria will be 
revised to show how these disagreements were resolved. 
If the Kappa scores are less than 0.6 (as above), then the 
metadata from another 10 publications will be coded by 
two people. Kappa scores will be calculated again, and 
this process will be repeated until the Kappa scores are 
greater than 0.6. The metadata for all other publications 
will be coded by one person. These tests will help us to 
improve the usability of our classification systems.
Study mapping and presentation
We will analyse the number of publications by prac-
tice, outcome, country, and year and we will present the 
results as a searchable database with interactive geo-
graphical maps (an “evidence atlas” [35]) that will show 
knowledge gaps and knowledge clusters. We will also 
present the number of publications by practice and out-
come in tables (based on Additional files 2, 3). We will 
also consider the possibility of using machine learning 
and topic modelling to support the classification of publi-
cations [36, 37].
Additional files
Additional file 1. ROSES form.
Additional file 2. Classification of agricultural practices to be included in 
the systematic map.
Additional file 3. Classification of agricultural and environmental out-
comes to be included in the systematic map.
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